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Summary Study objective: To examine the relationship between social deprivation
and risk of hospital admission for respiratory infection.
Methods and subjects: Ecological study using hospital episode statistics and
population census data. Cases were residents of the West Midlands Health Region
admitted to hospital with a diagnosis of respiratory infection, acute respiratory
infection, pneumonia or influenza over a 5-year period. Postcodes of cases were used
to assign Townsend deprivation scores; these were then ranked and divided into five
deprivation categories. Poisson regression analysis was used to estimate the
magnitude of effect for associations between deprivation category and hospital
admission by age and admitting diagnosis. Main results: There were 136 755
admissions for respiratory infection, equivalent to an annual admission rate of 27.1
per 1000 population (95% CI¼ 26.9–27.2). Deprivation was associated with increased
admission rates for all respiratory infection ðPo0:0001Þ and affected all age-groups.
The greatest effect was in the 0–4 years age-group with admission rates 91% higher in
the most deprived children compared to the least deprived. Hospital admissions for
acute respiratory infection and pneumonia were both significantly associated with
deprivation ðPo0:0001Þ: Conclusions: Respiratory infection is associated with social
inequalities in all age-groups, particularly in children. Prevention of respiratory
infection could make an important contribution to reducing health inequalities.
& 2003 Elsevier Ltd. All rights reserved.
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Introduction
For centuries, it has been recognised that a health
gradient exists between affluent and deprived
individuals or communities. However, only recently
has tackling health inequalities become a political
priority, reflected in the UK by the establishment of
an Independent Inquiry into Inequalities in Health1
and proposed targets to reduce health inequal-
ities.2
Despite the evidence that respiratory infection is
a major contributor to death,3 hospital admission3
and primary-care consultations,4 the report1 makes
no reference to the effect of social deprivation on
respiratory infection. This omission may be due to
the lack of published evidence for inequalities as a
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result of infection in developed countries. This
report presents the results of a large ecological
study that examined the relationship between
social deprivation and common respiratory infec-
tions in the West Midlands Health Region of
England.
Study population and methods
Hospital Episode Statistics were used to obtain data
on residents of the West Midlands Health Region,
admitted to hospital from April 1990 to March 1995.
Analyses were performed on four aggregations of
codes from the International Classification of
Diseases Ninth revision (ICD9): all respiratory
infection (ICD9 460.0–519.9), acute respiratory
infection (ICD9 460–466), pneumonia (ICD9 480–
486) and influenza (ICD9 487).
Census enumeration districts (EDs) were linked to
a previously validated index of material depriva-
tion, the Townsend deprivation score.5 This score is
arrived at using statistical methods to combine four
variables from the 1991 UK population census with
increasingly positive scores indicating increasing
deprivation. The variables are: the proportion of
households with no car; the proportion of house-
holds who are owner-occupiers; the proportion of
households that are overcrowded; and the propor-
tion of economically active residents aged 16–59/
64 years who are unemployed. The range of
Townsend scores for this population was 10 to
þ 10 with a mean score of zero. In the present
study, EDs were ranked according to their depriva-
tion score and divided into five deprivation cate-
gories each containing approximately equal
numbers of EDs. Postcodes of cases were then
allocated to their corresponding ED and deprivation
category. Cases without postcodes were excluded
from data analysis.
All data covering each of the four aggregations of
ICD codes as the ‘‘first consultant episode’’ were
merged and any duplicate records removed. The
data were aggregated by age-group (0–4, 5–24, 25–
44, 45–74, 75þ ), and ED Townsend score quintile.
Five-year age-specific, and age-standardised, rates
were calculated for each Townsend quintile for
each of the four aggregations of ICD codes. The
numerator was the number of admissions and the
1991 census population data were taken as the
denominator. To examine the relationship between
admission rates and deprivation, Poisson regression
was used with the number of admissions as the
outcome and with the EDs weighted by population
size to take account of the large variation between
them in population size and age-structure. Results
from the Poisson regression models are reported as
incidence rate ratios (IRRs) with 95% confidence
intervals (95% CIs). These examine the relationship
between admission rates for the most deprived and
the most affluent groups. The IRRs reported in the
text are calculated from the Poisson regression
analysis and so will not be identical to the ones that
can be calculated from the descriptive analysis in
the tables.
Results
All respiratory infections
During the 5-year study period there were 136 775
admissions for all respiratory infections giving a 5-
year admission rate of 27.1/103 population (Table 1).
Those aged 0–4 years had the highest crude 5-year
admission rates (136.2/103 population) followed by
those aged 75 and over (80.2/103).
Poisson regression analysis showed that overall,
increased admission rates were significantly asso-
ciated with increased deprivation ðPo0:0001Þ: A
significant interaction was also observed between
age and deprivation category ðPo0:0001Þ:
In the 0–4-year age-group, the highest incidence
was observed in the most deprived areas and this
(adjusted for size of the population aged o5 years
in each ED) was almost twice as high in the most
deprived areas compared to the least deprived
(Poisson IRR¼ 1.91, 95% CI 1.83–2.00). Among those
aged 75 years or over, increased deprivation was
also associated with higher incidence ðPo0:0001Þ;
with the incidence almost one-fifth greater in the
most deprived areas compared to the least de-
prived (IRR¼ 1.18, 95% CI 1.12–1.25).
Acute respiratory infection
Altogether, 76 680 admissions for acute respiratory
illness were identified, giving a 5-year admission
rate of 14.9/103 population (Table 2). The highest
admission rate was observed among those aged 0–4
years (121.7/103).
Poisson regression analysis showed that both age
and deprivation category had a significant effect on
the incidence of hospital admissions for acute
respiratory infection ðPo0:0001Þ: Overall, in-
creased admission rates were significantly asso-
ciated with increased deprivation ðPo0:0001Þ and
decreasing age ðPo0:0001Þ: There was a significant
interaction between age and deprivation category
ðPo0:0001Þ:
ARTICLE IN PRESS
1220 J.I. Hawker et al.
A
R
TIC
LE
IN
PR
ES
S
Table 2 Five-year admission rates for acute respiratory infections (ICD9F460–466) in the West Midlands, April 1990–March 1995.
Townsend
quintile of
deprivation
Unadjusted rate per 103 population (95% CI) by age-group Overall
unadjusted rate
(95% CI)
5-year age
standardised
rate (95% CI)
0–4 5–24 25–44 45–74 75þ
1 (most affluent) 100.0 (97.6–102.5) 10.1 (9.7–10.5) 4.9 (4.6–5.1) 3.7 (3.5–3.9) 8.9 (8.1–9.7) 11.7 (11.5–11.9) 12.7 (12.4–12.9)
2 102.7 (100.0–105.4) 10.1 (9.7–10.5) 4.9 (4.6–5.1) 3.9 (3.7–4.1) 7.7 (7.0–8.4) 11.6 (11.4–11.8) 12.8 (12.6–13.1)
3 118.7 (115.9–121.4) 9.9 (9.5–10.3) 5.6 (5.3–5.8) 4.4 (4.2–4.7) 9.1 (8.4–9.7) 13.4 (13.2–13.6) 14.3 (14.1–14.6)
4 143.0 (140.1–145.8) 11.9 (11.5–12.3) 6.2 (5.9–6.5) 5.5 (5.2–5.7) 11.2 (10.4–12.0) 17.2 (16.9–17.4) 17.2 (16.9–17.4)
5 (most
deprived)
134.4 (132.2–136.7) 11.3 (10.9–11.6) 6.1 (5.8–6.4) 6.6 (6.3-6.9) 12.7 (11.8–13.6) 20.3 (20.1–20.6) 16.8 (16.6–17.1)
All EDs 122.2 (121.0–123.3) 10.7 (10.6–10.9) 5.5 (5.4–5.6) 4.8 (4.7–4.9) 9.9 (9.6–10.2) 14.9 (14.8–15.0)
Table 1 Five-year admission rates for all respiratory infections (ICD9F460.0–519.9) in the West Midlands, April 1990–March 1995.
Townsend
quintile of
deprivation
Unadjusted rate per 103 population (95% CI) by age-group Overall
unadjusted rate
(95% CI)
5-year age
standardised
rate (95% CI)
0–4 5–24 25–44 45–74 75þ
1 (most affluent) 111.8 (109.2–114.4) 14.0 (13.5–14.4) 9.4 (9.1–9.7) 14.9 (14.5–15.3) 79.6 (77.1–82.0) 21.9 (21.6–22.2) 23.9 (23.6–24.2)
2 115.4 (112.6–118.2) 13.9 (13.5–14.4) 9.4 (9.0–9.7) 15.3 (14.9–15.8) 73.1 (71.0–75.1) 23.0 (22.7–23.3) 23.8 (23.5–24.1)
3 131.4 (128.5–134.3) 13.8 (13.4–14.3) 10.3 (9.9–10.6) 17.0 (16.6–17.5) 73.7 (71.8–75.6) 25.7 (25.3–26.0) 25.7 (25.4–26.0)
4 157.7 (154.8–160.7) 16.0 (15.5–16.4) 11.5 (11.1–11.9) 20.9 (20.4–21.4) 85.7 (83.6–87.8) 30.9 (30.6–31.3) 30.4 (30.1–30.7)
5 (most
deprived)
150.7 (148.3–153.1) 15.2 (14.8–15.6) 11.8 (11.4–12.2) 23.3 (22.7–23.8) 90.9 (88.5–93.3) 33.5 (33.1–33.8) 30.9 (30.6–31.2)
All EDs 136.2 (135.0–137.4) 14.6 (14.4–14.8) 10.4 (10.3–10.6) 18.1 (17.9–18.3) 80.2 (79.3–81.2) 27.1 (26.9–27.2)
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Among those aged 0–4 years, the highest in-
cidence was observed in the most deprived areas
and a significant linear trend observed ðPo0:0001Þ:
The adjusted incidence rate was almost 90% higher
in the most deprived areas compared to the most
affluent (IRR¼ 1.89, 95% CI 1.82–1.96). A signifi-
cant linear trend was also observed among the 5–24
years age-group ðPo0:0001Þ: The adjusted inci-
dence rate in this age-group was one-quarter
higher in the most deprived areas compared to
the most affluent (IRR¼ 1.26, 95% CI 1.20–1.32).
Pneumonia
There were 43 575 hospital admissions for pneumo-
nia, providing a 5-year admission rate of 8.5/103
(Table 3). The highest 5-year admission rates were
observed among those aged over 75 years (62.5/
103).
Poisson regression analysis showed that both age
and deprivation category had a significant effect on
the incidence of hospital admissions for pneumonia
ðPo0:0001Þ: Overall, higher admission rates were
significantly associated with increased deprivation
ðPo0:0001Þ and a significant interaction between
age and deprivation category was observed ðP ¼
0:006Þ:
Among 0–4-year olds, the highest incidence was
observed in the most deprived areas ðPo0:0001Þ:
The adjusted incidence rate was almost 30% higher
in the most deprived areas compared to the most
affluent (IRR¼ 1.29, 95% CI 1.18–1.41). A signifi-
cant linear trend was also observed among the 45–
74 years age-group ðPo0:0001Þ; with an adjusted
IRR of 1.31 (95% CI 1.24–1.39) in the most deprived
areas compared to the least deprived. In the 75
years and older age-group ðPo0:0001Þ; the IRR was
1.15 (95% CI 1.10–1.21) in the most deprived areas
compared to the least deprived.
Influenza
During the study period, there were 888 hospital
admissions for influenza. Poisson regression analysis
showed no association with age ðP ¼ 0:99Þ or
deprivation category ðP ¼ 0:91Þ:
Discussion
This study confirms that hospital admission due to
respiratory infection is common with almost three
admissions per 100 population during the study
period. It also shows a strong relationship between
deprivation and hospital admission for all aggrega-
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tions of respiratory infection analysed. Although
this relationship affects all age-groups it is parti-
cularly strong for children aged o5 years.
The associations identified in this study confirm
the results of previous studies that have reported
an association between deprivation and respiratory
infection among children. Ecological analyses from
Britain6 and the United States,7 and a study from
Germany using parental occupational status8 have
all identified socioeconomic differentials in hospi-
tal admissions among children. Those from lower
socioeconomic backgrounds were consistently at
higher risk of hospital admission for respiratory
disease.
The risk factors contributing to health inequal-
ities are becoming increasingly well recognised.
The associations between deprivation and respira-
tory infection identified in this study may have
occurred as a result of increased exposure (for
example due to overcrowding or poor housing
conditions),9,10,11 or reduced resistance to disease
(for example due to active or passive exposure to
tobacco smoke, outdoor pollution or malnutri-
tion).1,12–14 There is also evidence that adverse
socioeconomic conditions in childhood can result in
socioeconomic differentials in health, including
respiratory health, in adult life.9,15 Furthermore,
a number of studies have demonstrated that
mortality rates for respiratory disease are much
higher in deprived socioeconomic groups than in
more affluent sections of the population.16,17
If pneumonia is considered as a particularly
severe form of respiratory infection, it can be seen
from our results that older people (those aged 45–
74 and 75þ ) living in the most deprived areas were
at higher risk of hospital admission than those from
the most affluent areas. These findings are con-
sistent with a report of increased hospital admis-
sions in the elderly with low socioeconomic status
for four categories of respiratory disease; pneumo-
nia, acute respiratory infections, asthma and
chronic bronchitis.18 Although larger geographic
areas were used, the authors reported that low
education level, low income and household crowd-
ing were all consistently and significantly asso-
ciated with increased risk of admission in the
elderly. In addition to this, there are also reports
of increased risk of acute pneumonia in unem-
ployed adults.19
All research using existing data sources relies on
the accuracy of the data. It has previously been
reported that hospital admissions caused by influ-
enza could be classified as pneumonia, non-infec-
tive respiratory conditions or even congestive
cardiac failure.20 This may explain the small
numbers of admissions coded as influenza in this
study. Conversely, there is some evidence of over-
use of the diagnosis ‘‘pneumonia’’.3 However, the
associations described in this study are large, cover
all ages and diagnoses, and are biologically plau-
sible.
A possible confounder in our study could be
referral bias due to health seeking behaviour or a
lower physician threshold for admission for those
from deprived backgrounds. It has been proposed
that delay in seeking health care or differences in
physician behaviour may partly explain social
inequalities in hospital admissions.21 However,
there is evidence that this would not be sufficient
to explain the size of association observed in our
study, particularly in children.6 Furthermore, while
referral bias cannot be ruled out, only emergency
admissions were considered in this study, and the
overall pattern of associations is strikingly consis-
tent.
Data aggregated at the geographic level risk the
ecological fallacy,22 as measurements are based on
populations and, therefore, observed associations
do not necessarily apply at the individual level. In
addition, there is no possibility of controlling for
possible confounding factors such as smoking,
exposure to environmental tobacco smoke or
nutritional status. In this study, however, we used
the smallest geographic area available for analysis,
the ED, which contains an average of 183 house-
holds. These are more likely to contain socially
homogenous groups than larger geographical ag-
gregations such as electoral wards. Furthermore,
there are studies that suggest good correlation
between area-based and individual measures of
deprivation.23,24 Indeed, there is a theoretical
reason why ecological analysis is preferable, since
the separation of the individual from the commu-
nity may actually be misleading in analysis of the
spread of communicable disease, as the prevalence
in the community affects the risk of exposure of the
individual.25
Conclusions
As serious respiratory infection is so common and
our results show significant social inequalities, we
would suggest that prevention of respiratory infec-
tion should be part of national and local pro-
grammes to reduce health inequalities. It may be
that reduction in inequalities in respiratory infec-
tion depends primarily upon social measures.1
Nevertheless, there are a number of health inter-
ventions that could contribute to reducing the total
burden of respiratory infection. These would
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include: reduction of cigarette smoking, promotion
of breastfeeding, introduction of a vaccine against
RSV (a major cause of admission in infants26 and the
elderly27) and improved uptake of pneumococcal
and influenza vaccines in the elderly. However, a
strategic approach is necessary as insufficient
targeting of these interventions to those groups
most at need, would lead to differential uptake
between social classes28 and could actually widen
health inequalities.
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